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The Is IIrpostfe I ift I I,,i i IV.I ig tl int I is 1i() Ilitit I )a.se itt ifor atit ion on tlie reactiosll s i Iill, . ".
Sing k id,,,.,':u si{'. ,ijtsh. i•,,il,,isle e,,,,ilitiria were studied I'y an a,,aly i, otf lihe t hermal de,',,,sI t,, is I)rtr ^,
,f N-,aylk I- (or-aryI-) N-f 4 witv{itltrt: 11 nis(ls. I sIative yiehls in tlcearlnyht iss (arising ri s. ya e

",lrm taion (arising rr-sm is.siitite) it) lieth pyrolvsist of N-phetiyl-, N-n-htiyl-, N-see-hittyl-, and N-ev'hohexyl-N-
srrtiyhutet a iniss we're fasutsl a hi" >¶t.!9: < I,'50:14~, 57:43, and 51::4!9, re.spectively. N itriles rat her thani i.,o- ,

c'y'ainles were isolated .hvetim is.f ihe" islnierizatioit which terttlil4 it high teimperaturties. It is es h{ittl that the
Slitan itisif it iamide ntd rile isohlati nmay lie I he niet resilt of a nulmbler of react itiis: i tiide-iss sitithd reversihle

rearrattger{ent, isoini tie a elimini:ttin (possihly reversihlie), imidie decarhtonylation (irreversible), is.otyallidle

slitrile isonierizatlst (irreversiblh), and amidt e regeneration from i.ot.vaiysit and avid tlhrotigh fi.rmnamide antid
aveliic anhydrides. Ationg the imithdes sitti{ed both nil el{etlrouietic t a stelrie effevt appear to lie{ speraltiig.

It has been indicated thait pyrolysis of N-llkyl- (or migration; when heated, however, tfhe rearrangement
-aryl-) N-forinyhamides gives isocyanides bevause of the observed for the cyclic case may depend on acid or base
cha:racteristic odor which ac'companl jied the reactioil. 2, (atalysis.'

iimitnlln etected1 an intensive odlor of isocyahtide in the MumItitl and 'oworkers,-1 postulated :a reversilble
d(ectrbotnylation of N-formylbeiizanilide. but he did imitle-isoitnide rearraingementt to expllain Ohree; pyroly-
not report isolating tilhe prottintt. Similarly Wheeler4  sis reactions. Expressing .ln ttmlni's specilic examl)lCs
claimed 'hat pyrolysis of N-formylstearanilide gave in general ternis the reac'tions are pyrolysis of acyclie
phenyl isoeyalithd and stearic acid, but he gave. no supl- imides to cari)oxylie acids and initriles, pyrolysis of N-

S lporting details. Isoeytii(le liroduction in these re- alkyl- (or-aryl-) N-formylamides to carloxylie acids and
actions gives evidence of :tn imide-isoimide rearrange- nitriles, pyrolysis of N-alkyl- (or -aryl-) N-formyltmides;
ment (eq 1) .- to the N-:lkyl- (or -aryl-) amides and carbon monoxide,

0 a find the plyrolysis of N-alkyl- (or -aryl-) N-formylamides
to isocyanlides and earloxylie acids.

-- '----I' lFor the pyrolysis of a1cyclic itnides, Sheehan and
/ / o GCorey' have written a reversible imnide-isoimide re-N~ \ 0.arrangement as a part of the mechanism in agreement

CV O It withit Mumm's postulate. More extensive studies have-/" is-oimide"

It . recently been explained by postulating a concerted
imride mechanism which omits a discrete isoimide interme-

II-N=C + W'CO01i (I) diate, though the' authors consider a path through an
isoimide intermediate as a possible limiting case."

The formation of isoihides as transient intermediates In thL pyrolysis of N-alkyl- (or -aryl-) N-formylamide-4
(which re:arrange to the imide or which yield products to N-alkyl- (or -aryl-) amides, it decarbonylation mecha-
logically derived from isoimide structures) is widely nism for Mumm's postulated isoimideI can be written
reported.1- Isoimides have bicen isolated when the (eq 2). However, decarbonyl'tion could als occur
function is part of a five-membered ring which also directly from the imide (eq 3).
contains a carbon-carbon double bond14 or when the
nitrogen bears a 2,4-dinitrophejiyl group.),3  These 0
isoimides rearrange via an oxygen to nitrogen acyl R-N, --- (

(I) Department of Chemistry, The Pennsylvania State University, Uni- H7 CO + IR4C-NHR

versity Park, Pennsylvania 16801.
(2) 0. Msumm. If. Hlesee, an! IH. Voluanrts. Der., 43, 379 (1015).
(3) 0. Msfunm. ibid., 43. 88N (1010).
(4) If. L. Wheeler, Am. Chem. J., 13, 695 (1896). 0
(6) Isoeyantde formation Isy a elimination from an isoformimide in RI

analogous to the mechnisanm postulatedl for lsocyanide formation from nitro- I
Ietauhtitslses formismi.les by phosphorus and sulfur hatisten withs tertiary 0

amine. 0ee. . Ugi anti R. Meyr. Chem. Der., 33, 239 (1900).
(6) F. Cramer and K. Bner. ibid., 33, 1231 (1960). R- H CO + R'- -- N-R R-- NHR
(7) C. L. Stevens and M. E. Mmnk. J. Amer. Chem.. S... 30. 4065 (1058). R I'll

(8) If. iH. Wasmerman ansi M. I. Floyd. Teftrahedron. 21 (111), 441 (100(,). fl OH 0
(9) J. C. Sheehan and E. J. Corey, J. Amer. Chem. Soe., 74, 4555 (10952). {3)
(10) C. G. Overberiter and E. Saere, ibid.. $3, 24-16 (1913). 0

(11) D. S. Kemp. Tetrahedron, 22, 2001 (19067).
(12) A. K•rnltauer anti 1). Keglevle, ibid.. 13, 7 (1112). For the pyrolysis of N-alkyl- (or -aryl-) N-formyl-
(13) T. SH1mno, Al. KInmusra, Y. Ito, K. Nielildsa, anti Os, , DulI, Chem. ,tmides to isocyanides, it mechllism is difficult to write

Site. Joap.. 17, 635 (1964), anti L. R. Waiters, F. 0. Posretarae, and W. F. nless prior rearrangement to an isoimide occurs. The
MeEwen, J. Org. Chem.. 25. 1161 (1961). claim preparation of several lem-

imldes based on the position of ir absorption bands. This may not be ntff- isoimide can then undergo an a elimination (eq 1).
siently eonchsive evidence for the isoimidle str•scture. The existence of this pyrolysis reaction gives the best(14) W. R. Roderick andi P. L. Blhatia, Abid., S$, 201A (1063'). 1.. 1141-

(14 i. t.Roleiekani . . tstia ~is,.33 218 193) K les evidenice for at reversible imide-isoimaide equilibrium
dayc, R. L. IHinman, and S. Theodoropulols. ibid., 31 1311 (1966); 1317
(1966).

(1•) D. Y. Curtln and L. L. Miller. Tetrahedron, Lef., 1869 (1965); I). Y. (10) W. S. Durrell, J. A. Young. ansi It. I). Dreodner. J. Or. C•Aem., so,
Cutin rs1, L. Miller. J. Amer. Chm 33c,$. 637 (190'" 831 (1963).
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at high tempcraturcs. In order to investigate Mumm's General Considerations.-The results are conve-
postulated equilibrium,2" to determine quantitatively niently discussed in terms (if Scheme I. Although
the relative importance of decarbonylation v8. iso- the experimental information required to fulfill the
cyanide formation as pyrolysis pathways, and to in- necessary conditions for unimolceular reaction mech-
vestigate the formation of isocyanides from substituted anisms"7 has not been determined, we postulate that
formamides, we studied the pyrolysis of N-phenyl-, the imide decarbonylation and the isoimide a elimina-
N-n-butyl-, N-sec-butyl-, and N-cyclohexyl-N-formyl- tion (isocyanide-acid formation) reactions are uni-
acetamidees. molecular. The agreement within experimental error

of the results for pyrolysis of the n-butyl derivative in
Results and Discussion both the copper and glass tube supports the conclusion

that the reactions whose rates determine the productStarting materials were synthesized by acetylating ratios are homogeneous.
the appropriate formamide derivative with acetyl A mechanism forthe formation of nitrile and carbox-
Ohloride. The N-formylacetamides were pyrolyzed by ylie acid from the imide is diffiicult to conceive without

passing them through copper or glass tubes at 4000. the isoimide a elimination and the isocyanide isonleriza-
Experimental results are summarized in Tables I and tion. The four-centered. cyclic transition state for the

II. reversible imide-isoimide equilibrium (Scheme I) is
that proposed by Curtin and Miller'5 for the isoimide-

TABLE I imide rearrangement.
Pe)mtvc-rs OBTAINED IN TIIE*PYROLYSIS The quantities of amide and nitrile isolated may be

O1F N-SUIISTITL'TEI) N-FoIIMY LACETAMIDES the net result of a number of possible reactions: imide-
Nitroyen Acetainide. Nitrile, Acetic acid, isoimide reversible rearrangement, isoimide a elimimna-s isltuent % yiehl % yiehl % yieldPtteny 99 1 tion (possibly reversible), imide decarbonylation (ir-n-Thatyl' 75 12 13 reversible), isocyanide-nitrile isomerization (irrevers-

n-littyl5  74 10 16 ible), and imide regeneration from formamnide and
sec-Bitlyl 40 30 30 acetic anhydride (formed from isocyanide and acid).
Cytlollexyl* 34 35 31 Though all these rates and their dependence upon the

SCop;,er tube, b G;lass htbe. It group is not known, an exllal:tation of the general
features of the fl-group influence upon reaction path-

T~nn. Jr way can be proposed which seems logical in view of al-
REL,.vrE IlEAcTION PATHIS IN TIIE PYlWILYsIs re.ady determined isoevyanide isonierization rates'8 3- 0

OiF N-SUBus'rTItUTED N-Foii mYL.•'iCrT.%mIS and the electronic and steric effects of tile It groups.
Nitrov.n I-ocyuinidhe-acid Isocyanide Isomerization.---The thermal unimolec-
116,6I.1,wnt l)eaclrbonylation formation ular isomerization of isocyanides to Initriles explains

Ph]mnyl 99 1 the presence of the nitriles as the pioducts of theico-iutyl 57 43 pyrolysis."")' Several of the isocyanides in this study
Cychohexyl 51 49 were so completely isomerized under the exact condi-

tions of imi(le pyrolysis that their odor was barely

Additional experiments were.performed in conjunc- detectable in the nitrile pro(uet. Furthermore, isom-
tion with the N-(n-butyl)-N-formylacetamide pyroly- criza.ition rate constants ea ri e est imated e for the iso-

sis reactionls and included a variety of sealed-tube re- cyanides by using the Arrhenius parameters for
ain ( ,-).methyl isocyanide reported by Schneider and lRabino-aionl (eq 4-S). vitehl8 and the influence of the nitrogen sulbstituent on

n-Cj110N11C113) e)u rec-tion (4) the isomerization rate reported Iby Casanva, el al.10

30 rir Thus an estimated lower limit is k = 5 see-, a number
MW

0* sufficiently large to explain the exclusive formation of
,,-C,!IrNC(O - 31- nitrile.

I 30 min
(T)CII lKohhinaier t' and Rabinovitc'h determined the p-

n-C 4 T1,NTICOCIT, + high pressure (CO) (5) tolyl isocyanide gas phase isomerization rate to be(I(X0'4) 75 X l0- sec- at 2000. Casanova, et al.,20 showed

32.* phenyl isocyanide isomerization rates in diglyme to be
n-C4,11NC + CI1COO(II - only slightly dependent upon a para sulbstituent, sug-

30 inin gesting that the gas lphase isomerization rate of phienyl
r,-C 411,NI!COC!1j + n-C11,CN + n-CdINIICI[O (6) isocyanide is probably very similar to that of p-tolyl

(so/) (10 ) 00) isocyanide. They :.,o determined the ethyl and sec-3l0* butyl isocyanide gas phase isomerization rates to ben-C4 1,Nc P n-C4l11CN (7) 10.4 X 10- and 345 X 10-5 see-1, respectively, at

151nin (10(0%,) 2000. Thus comparison of gas phase isonmerit, llon

n-C4WNIICIIO +- (CllC),O--**35" constants gives this order: phenyl > n-alkyl > se.-
30 oin alkyl. It is interesting to note that the rate of nitrile

n-CIlgNIICOCIIi + CIbCOOII + high p)reilsure (CO) (1)
(.•0•,•) (;3tli'•l) ~(17) A. Ma.|tecoll. ,.dvatn. Mhy,. Or'g. Chmti.. 3,.i96 01!16.5).

(I) F. W. Schneider and II. S. Iltl,in,,vitl,, J. I me,. CA~m.sw'., 64, 121(i

If the reaction represented in eq 5 is not allowed to (l90f2).
proceed to completion, then tile odor of isocyanide is .ii1i (1. lno,,lmuaier .n. II. i. Wlaeiner .in. i.t. I'-*,.. schnei.. .1, I7113 C1.1i11.
detect l(2 . ('nlalovl, Jr.. N. It. 1 rr4 . I it. n l .I'l,hl.Ier. .. (tube. 1 37rn.s. l
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Scuzu I
CONSEQUENCES OF THE IMIDE-ISO|MIDE REARRANGEMENT

0

C--CIT r CIT 1 H

R-Ni oL0 I~ RN&--C !

0=0O R-N4~
+ H_

0 0

CO + RNIT&CIIs CI T,--OI + R-N=C -p R-CýN

0 0 H H

1/,CH."0--O-'CHs +

formation relative to the rate of decarbonylation is is significantly decreased by electron delocalization into
sec-alkyl > n-alky > phenyl for imide pyrolysis, which the benzene ring (structure A). This is in comparison
is achieved in spite of the order of isocyanide isomeriza-
tion rates. One might have expected a greater con- 0,-- i

tribution from isocyanide chemical reactions in the case X-CHs
of the compounds which isomerize at lower rates. al-0

Isocyanide Chemical Reactions.--Isomerization to . H
nitrile may not be the only reaction of the isocyanide

formed. Isocyanide and acid may revert into imide if A B
the a climination is a reversible reaction or if a second to the alkyl-substituted imides in which the nitrogen
pathwaty through formamide and acetic anhydride" is electron density (as well as the ability, of the imide to
operative (eq 9). Sealed-tube reactions (eq 6 and 8) achieve the transition state for isomerization to iso-

R-N--C + 2CIICOX)I! o RNIHCIHO + (CItCO),O (9) imide) is increased by an inductive effect (structure B).
i We suggest that these electronic effects are responsible
-+ ofor the higher amide/nitrile ratio for the phenyl imide

COCda compared with those for the alkyl imides.

R-d/ The same argument now based on the relative in-
ductive effects of primary vs. secondary alkyl groups

CHO may contribute to the increase of nitrile yield in going

show that these reaction sequences are possible and from n-butyl to sec-butyl and cyclohexyl. However,
n the flow method steric considerationp may also be important.

conceivably could be preient in to pyroly- Steric Effects.--The rotational barrier of the amide
sas. If imide originally decomposing to isocyanide and bond" leads to three possible conformers for an imide.acid does re-form and decarbonylate, then the amount

of nitrile isolated would be less than the case if the iso- R R
cyanide reaction was exclusively isomerization. R

Isocyanide isomerization may not compete favor- R' e A NNR1 0% .NN 0

ably with the reaction of isocyanide and acid in the
sealed-tube experiments. Thus, the higher pressures
obtained by pyrolysis in a sealed tube may so enhance C D E
the re-formation of imide that decarbonylation is the
only net reaction observed (note eq 5). Heating the Dipole moment data support assignment of con-
imide to temperatures near its boiling point at atmo- formation D to N-methyldiformamide, diacetamide,
spheric pressure gave a gas.evolving, isocyanide-smell- and N-methyldiacetamide." Though not determined,
ing, rapidly darkening solution. Knowledge of the it is likely that the D conformation (I or II) can also be
reactions possible for a solution of the parent imide, its assigned to the imides of this study. Monosubstituted
corresponding amide and formamide, isocyanide, ni- R
tre, acetic acid, and acetic anhydride between 1001
and 2000 discouraged further investigation. " HC N 0

Electronic Effects.-An electronic effect seems best
able to explain the near absence of nitrile in the pyroly- Hr
sis of the phenyl-substituted imide. The electron H
density of the nitrogen 4tom can affect the imide's I U

ability to achieve the trankSition state shown in Scheme (22) J. A. Pople, W. 0. hneider. sad It, J.l Brnste. lligh-Rmohstlou

I.. For the phenyl imide, the nitrogen electron density Nuclar Magnetl Resonan•e," McOraw-lIllI Book Co.. foe.. Now York.
N. Y., 1959, p 366.

(21) A. Gautter, Ann. Chim. Phu*., IT, 224 (18609), (23) C. M. Lee and W. D. Kumler. 1. A nor. Chow.. See., 14, 871 (1962).
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formamides are predominantly trans and show a small ter,. :ned by comparison of its relention time and ir spectrum
trend toward the cis conformer with increasingly with those of an authentic sample. Quantitative analyses were

endu towary the un s.- wnuntri itured obtained with an estimated uncertainly of 3%11 by measuring peak
bulkyr sulituentsh ' f i ht unsymrogetried c isuto stitbtui areas tming a Disc integrator.

formani~nides, Owe formyl hydrogen is cis to the b)ulkier The sealed-tube reactions were performed using 10-rmit heavy-
stubstitlelt.'2 walled glass tubing. In a typical run, 0.10 ml of reactant was

Though tile "tmide bonid will no longer show cis- degammed and the tube was sealed under vacuum. After the
rans isolerism at the temperat tire of this pyrolysis,2  appropriate length of tnie in fhe oven (see eq 4-9) the tibe rom-

ponents were separated by preparative glpc. Product ideitifica-
the steric considerations i'an still be used to deduce the tion was based on gips retention times and comparison of ir
trend of conformation with the R group. Thus as one - spectra with those of authentic samples.
"eocs from a primary to secondary alkyl group, the N-Formylacetanillde.-Fortnanilide (24.2 g, 0.20 mol) was

Sren o will he toward a conformation I-D-like character dissolved in 250 ml of methylene chloride and cooled in ice. Pyri-dine (31.7 g, 0.40 moll and acetyl chloride (31.4 g, 0.40 mol) were
even though rotation may occur. This is precisely the added, and the mixture wasstlirred at room temperature for I hr.
trend in conformation favorahle for producing a trend The mixture was then extracted twice with 100-If l and once with
towartd rearrangement to an isoimide. 50-nl portions of water. The methylene chloride solution was

Isoacetimide Intermediates.-As mentioned pre- dried (Na,8O,) overnight, stripped with a rotary evaporator.
ueurm h rdecarbonylation and distilled with a spitinng-hand cllfoilt giving 26.0 g (810%)

* viously, at unimiolecular mechanism for dcroiat o fteiie pl5'(tOSim lth 5-5 2 ii)of the imide:hp!-2°(.3ra)lt. p171.°2; ).
can be written from either an isoimide (eq 2) or an Thepricduetwaisrecrystallized from thelher-ligroinl: moftens at 530;
imide (eq 3). As the trend in nitrile/amide ratio mp 55' (lit.' mp 56'): ir (CIICIA ) 5.%0 and 5.90 is (C- O).
agrees with factors favoring isoformimide formation, N-(n-Butyl)-N-formylacetamlde.-N-lhtlylformamide (20.2 g,
rearrangement to isoformimide appears to be the rate- 0.20 nol) and acetyl chloride ,ti2.7 g, O.X0 mi) were mixed

and stirred at refltix for 5 hr, while pritected from moisture.
determining step for degradation to nitrile and acid. After the reaction solution st44a1 at riim temperature for 30 hr,
hi view of this it is tempting to try to exclude the pos- the.acetyl chloride was stripped off with a rotary evaporator.
sibilily of an isoacetimide in the decarbonylation The residue was distilled through at pinning-lmud cohlumn giving
mechanism (eq 10) by using an argument based on 10.2 g (67%) of the imidle: hp 74.5-75.5* (11.701-t).75 rail);

nf'3) 1.4513; ir (neat) 17201 and 1670 cn-1 (Cý()).
Anal. Caled for CTII.NO,: C, 5.4.72; It, 9.15; N. 9.79.

+ Found: C, 58.9; 1f, 9.3; N, 9.7.
HCHij ='N.-RI Reduction of N-(n-Butyl)-N-formylacetamide.--To ,Ihstan-

tiate that reaction or acetyl chloride with N-monii•ulst ituted
Rc :.z j 0 formamide leads to imide rather than isoimnide, N-(n-luuyl)-N-

formylacetamide was reduced with lithium alumitnint hydride
CH, in TIIF to n-butyl-, ethyl-, or methylainiue. The plrodut

was purified by vpc (39%) i.ad then was alkylaled with n-hityl
R iodide to give di(n-butyl)etlhylniethylhtmonim n ioldide (77%):I mp 178-179" (lit." mp 176-178°) (recrystallized from EtOAc).

N-(sec-Butyl)-N-formylacetamide.-se-Iluttylformimide (20.3
" g, 0.20 mol) was dissolved in 20) mil of |nethylene ehloride and

S cn ( pyridine (23.7 g. 0.30 mol). Tho solution warmed and turned
CHC-vO--"CR decarbonylation (10) yellow upon the start of acetyl chloride addition. The solution

was then cooled in i-e; a white sail formed when the aeetylinherent electronic or steric properties of a specific chloride addition (17.3 g, 0.2"2 mol) was completed. Thei mixttre

imide. For example, for the phenyl imide, the nitrile/ was stirred at room temperature; an adduliomal 10 n1l of avetyl
amide ratio was much smaller than for alkyl imides chloride and 5 ml of pyridine were added since glpe showed an
because tihe lower electron density on nitrogen is tin- incomplete reaction. The white malt was again filterel off, and

the solution was conventtrated. More whit', salt formed and was
favorable for rearrangement to the isoformimide. filtered off. The residue was vactunum distilled to give 22.2 g
One would thus expect rearrangement to the isoacet- (77%) of imide: bp 53.5* (0.10 mm). The proluct was slightly
imide. Because decarbonylation is rapid in comparison impure by glpc and was purified by preparative glpe: n"D
to nitrile formation, one is tempted also to exclude iso- 1.4517; ir (CIICI:) 5.08 and 5.80 A smh (C=O).Anal. Called for CilluNO,: C, .58.72; 11, 9.15; N, 91.78.
acetimide as a decarbonylation intermediate in favor of ona: Ca for i N C.7.1; N, 9.78.the lterativ mecansm inolvig imde.Foutnd: C, 58.5; 11, 9.3; N, 9.9.
the alternative mechansim involving imide. N-Cyclohexyl-N-formylacetamide.-OCyelohexylforniamide

(25.5 g, 0.20 mol) was dissolved in 250 ml of methylene chloride
and pyridine (31.7g, 0.40 mol). Acetyl ehlorido (:1.4 g, 0.40 mul)

Experimental Section" was slowly added with ice cooling. A white salt foruied immedi-

The pyrolysis apparatus was a gas chromatograph equipped ately. The mixture turned light yellow and was allowed to

with a 6 ft X 0.25 in. copper or glass tube in place of the usual sland for 1 hr. The mixture was poured into a separatory fuimel

rolumn. Sufficient pyrolysis products were then obtained by and was washed three times each with IM0 ml of water. The

multiple inject ion of reactant using a helium carrier gas flow rate methylene chloride solution was dried (NaSO,), concentrated,

of 60n ml/min and an oven temperature of 400*. The time of and distilled through a spinning-band column giving 23.2 g

paissage through the tube varied between 2 and 25 see. The (68%) of imide: bp 74-75* (0.20 mm); n"o 1.4872; ir (neat)

combined products were collected at ice-water temperature and 1720 and 1672 cm- (C==O).
Anal. Caled for Cl[3,NO: C, 63.88; II, 8.94; N, 8.28.

separated by preparative glpc 20 It X '/s in. column, 30% SE-30 Found: C, 63.8; H, 9.0; N, 8.3.
or. "/,s Chromosorb W). The identity of each peak was de- Pyrolysis of N-Formylacetanilide.-Tho imide was injected

in 48-pl aliquots. White crystals, mp 109-113', formed in the
(24) L.A. laPlancheandM. T. Rogers, J.AmAr. Chem. 5c.,"6,337(1964) collector bottle without purification (acetanilide mp 113-115').
(25) L. A. LaPlanche and M. T. Rogers, ibid.. 58, 3728 (1963). Tile collector bottle was washed with a small amount of CdICI,.
(26) R. C. Neuman. Jr., and L. B. Young. !. Phys. Chem., 61, 2570 (1965). An ir spectrum of the CIlC1 solution was identical with that of
(27) Infrared spectra of N-(0-butyl)-N-formylacetamide and N-cyclo- acetanilide except for a small peak at 4.48 p. identical with that

hexyl-N-formylacetamide were obtained by Dr. R. A. Mac•ay, Edgewood of benzonitrile. Glpc of the CIICI, solution gave a small peak
Arsenal, from neat liquids between KR,-5 plates using a Perkin-Elmer
Model 521 spectrophotometer. A study of the effect of metal Ion complexa. wiIt a retention time identical with that of benzonitrili, and a

tion on the carbonyl stretching frequencies of these imides will be published
later. Other ir data reported in•the present paper were obtained using a (28) 8. Wawsonek, J. Chua, E. L. Yeakey, and W. MoKillip, J. Oro.
Beckman IR-SA spectrophotometer. Boiling points are uncorrected. Cinem., IS, 2376 (1963).
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very large peak with a retention time identical with that of acet- PyrolySia of N-CyclohelfI.N.formylacetaru.de-.The Imide
atnilide. (980 mg, 5.80 mmol) was injected in 4 5-is' aliquot@. The products

Pyrolysis of N-(r-Butyl)-N-formylacetamide. Copper Tube.- (802 mg) were collected in ice and analyzed by glpc. The weight
The imide (228 mg, 1.59 mmol) was injected in 50-p1 aliquots. corrected for carbon monoxide loss with 8% unreacted starting
The prodtucf (1S6 Mg) were collected in ice and analyzed by material and 51% of the reacted imide decarbonylating was 880
glpe. Prodtwt weight corrected for carbon monoxide loss from mg.
85% Ofrthe ~sarting materin! was 224 mg.

Glass Tube.-The imide (228 mg. 1.59 mmol) was injected in
5 0 -pl aliquots. The products (195.5 mg) were collected in ice Registry No.-N- (n-Butyl) -N - formylacetamide,
and analyze(! by glpc. Product weight corrected for carbon 17604-86-3; N-(awc-butyl)-N-formylacetamide, 17604-
monoxide loss from ic% of the starting material was 234 mg. 87-4; N-cylohexyl-N-formylacetamide, 17604-88-5.

Pyrolysis of N-(scc-Butyl)-N-formylacetamlde.-The imide
(461 mg, 3.22 mnol) wns injected in 45-,1 aliquots. The productsr
(433 mg) were collected in ice and analyzed by glpc. The Acknowledgment-Elemental analyses were per-
product weight corrected for carbon monoxide loss with 33%
unreacted starting material and 57% of the reacted imide de- formed by the Analytical Chemistry Department,
carbonylating was 467 mg. Chemical Research Laboratory, Edgewood Arsenal.
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